It is argued that the experimental results presented by Paris et al in J. Phys. D: Appl. Phys. (2005) 38 3894 are correct. It is shown that there is no evidence of filamentation or local electric field reinforcement in discharge. It is discussed that reaction scheme and rate constants for deactivation of excited nitrogen ion N + 2 proposed by Pancheshnyi in his Comment must be specified for conditions corresponding to the experiment carried out by Paris et al .
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Introduction
In his comments [1] Pancheshnyi points out that in our paper [2] the three-body collision process N Pancheshnyi presents a modified formula (equation (9) in [1] ) for the deactivation mechanism, where three-body collisions are also considered. However, if this new formula is used for reduction of intensity ratios to the standard conditions, then the values of intensity ratio R, measured by Paris et al at different pressures, do no longer lie on a single curve R reduced = f (E/N) in contrast to the case of using reduction formula (1) in the paper [2] . Pancheshnyi suggests that the authors of the paper [2] have determined the intensity ratios of spectral bands as a function of the field strength incorrectly: the actual values of the field strength may deviate significantly from those presented in the paper [2] . 'It could be a partial filamentation of the discharge or local electric field reinforcement near the imperfections of the electrode surfaces that becomes apparent at very low-distance measurements', claims Pancheshnyi.
In this reply we argue for the correctness of our experiment; we add some details to the description of the experimental set-up and briefly discuss the role of the threebody collisions in quenching excited states of nitrogen ions.
Absence of filamentation
The anode was polished with an abrasive (grain size 0.2 µm) to mirror quality. The local unevenness of the finished surface should be less than the grain size. The enhanced electric field near the protrusions of 0.2 µm in size could stretch into the inter-electrode space up to about 1 µm from the electrode surface. The mean free path of an electron in air at atmospheric pressure is about 0.5 µm and it increases with a decrease in pressure [3] . Thus, on average, an electron can undergo two or less collisions in the enhanced field near the anode. The electron energy distribution function remains invariable at such a short distance in this region and retains the shape obtained in the uniform field between the electrodes. As a result, the spectral distribution of the radiation from this near-anode region should be the same as that generated in the undisturbed field region. Moreover, as the region of the enhanced field forms a small part of the discharge gap with the undisturbed homogeneous field, the radiation from this region constitutes only a small fraction of the total radiation.
We have examined the discharge visually and photographically. The discharge was uniform in the plane parallel to the electrodes. No filamentation was found. The intensity distribution was determined by photos for the inter-electrode distances 1, 2 and 4 mm. The radiation intensity increased exponentially towards the anode. In the case of filamentation, the exponential intensity distribution should be distorted.
The cathode was a semi-transparent aluminium film evaporated on a quartz plate of optical quality. Imperfections on the cathode could also cause discharge filamentation due to the increased electron emission in the enhanced electric field. If the macroscopic electric field exceeds the value of about 10 7 V m −1 , a considerable field emission of electrons from the cathode would occur [4] . In our experiment, the electric field strength never exceeded the value of 7.8 × 10 6 V m −1 . In figure 1 , the intensity ratio R 391/337 is plotted as a function of E/N. The experimental points in figure 1 are obtained at different values of E. The local increase in E may lead to filamentation if field emission takes place. In the case of filamentation the electric field between electrodes as well as gas density and temperature should become nonuniform and changes in R should appear. The absence of deviation of R with the variation of E at E/N = const is also an indirect indication of the absence of filamentation in our discharge cell.
Pancheshnyi suspects that our evaluation of the field strength is incorrect at short inter-electrode distances, where the role of the field enhancement might be more pronounced. To demonstrate the absence of that kind of shortcoming, we selected the intensity ratios for the inter-electrode distances greater than 1 mm. These ratios do not differ from those obtained at the shorter distances.
We also varied the discharge current within the limits of 0.5-16 µA. The radiation intensity was proportional to the current. The intensity ratio of the spectral bands was independent of the discharge current. The values of R obtained at different current strengths were within the limits of measurement uncertainty, the same as presented in paper [2] . The last result demonstrates the absence of a field distortion caused by current carriers in the gap.
Rate constant of the quenching reaction
According to the model proposed by Pancheshnyi, the intensity ratio R must depend quite strongly on pressure. In figure 2 , we present the measured ratio R at fixed fields as a function of pressure. The absence of pressure-dependence of R in the pressure range 10-100 kPa shows that the three-body processes proposed by Pancheshnyi should have a minor effect on the quenching. In our opinion, the reasons for the discrepancy between our results and Pancheshnyi's model may be an unsuitable reaction scheme and inappropriate values of rate constants of reactions considered by Pancheshnyi. Pancheshnyi used the value of rate constant k conv = 5.0 · 10 −29 cm 6 s −1 with reference to Kossyi et al [5] . Kossyi refers to the handbook [6] , which in its turn refers to different papers. We have selected some original papers dealing with the ion conversion reaction under consideration. The values of k conv from these papers are presented in the table 1.
All these values of k conv are obtained under low pressure conditions with pressure p < 13 Torr. Warneck [7] is of the opinion that the conversion reaction under discussion can change into a two-body reaction under high enough pressure: ' [7] . Thus, the use of those k conv for higher pressures must be justified.
It is evident from papers [8] [9] [10] that k conv depends on the reduced field strength E/N. The value k conv = 5.0 · 10 −29 cm 6 s −1 used by Pancheshnyi is likely determined for table 1 ). In our experiments, the reduced field strength E/N had values in the range 150-5000 Td. Thus, in our conditions, the value of k conv should be lower than that used by Pancheshnyi and it probably changes with E/N.
It follows from the experimental conditions described in papers [6] [7] [8] [9] [10] that k conv presented in these papers is related to the ground electronic state of N + 2 .
In the opinion of Pancheshnyi, the conversion rate of ions in the N + 2 (B 2 + u , v = 0) state should differ insignificantly from that of the ions in the ground state [13] . However, an experimental justification of this opinion is absent up to now.
The use of the value of k conv proposed by Pancheshnyi for the three-body quenching seems to be unjustified for our experimental conditions. Instead of the conversion we have to consider the collisional deactivation of N u , v = 0) for higher pressures (in the range 1-600 Torr) was determined experimentally in paper [14] . It turned out that the quenching of the N + 2 (B 2 + u , v = 0) state in pure nitrogen follows the Stern-Volmer relationship for the two-body processes. Significant deviation from a straight line appeared on the Stern-Volmer plot in air at pressures above 100 Torr, which indicates the presence of the three-body processes. It was ascertained that in the three-body process, leading to the quenching of excited nitrogen ions, at least one of the colliding molecules must be O 2 . The authors of the paper [14] proposed an equation for the fraction of excited ions that radiate. Using the same notation as Pancheshnyi, this equation takes the following form:
Here, n N2 and n O2 are the relative number densities of nitrogen and oxygen (n N2 = 0.78 and n O2 = 0.21 for air), τ 0 is the radiative lifetime of a nitrogen ion in the state (B 2 + u , v = 0), N is the gas number density, k q,N2 and k q,O2 are the rate constants of quenching by nitrogen and oxygen molecules in two-body collisions and k q,3 is the rate constant for a three-body collisional quenching, where an oxygen molecule participates as one of colliding particles. The value of this rate constant is k q,3 = 3.1 · 10 −29 cm 6 s −1 , determined for zero field (E/N = 0) [14] . Note that the last term in formula (1) includes the factor n O2 instead of n N2 in formula (9) of the comments. If we use the formula presented above with the values of the rate constants and lifetimes presented in [14] (they differ from those used by Pancheshnyi) for reduction of our measured values of R 391/337 to standard conditions, then all points obtained at different pressures will lie on a single curve. This curve coincides with our previous curve presented in the paper [2] within limits of measurement uncertainties.
The discrepancy between our measurements and theoretical calculations (the numerical solution of the Boltzmann equation) is limited by the accuracy of the crosssections used. Scattering of the results of different authors presented in figure 6 of our original paper [2] is a good demonstration of this limitation. Some problems arising with the calculations and with the comparison of results of different authors are described in our previous paper [15] .
Conclusions
Our present conclusion is that the deactivation mechanism of N + 2 (B 2 + u ) in air is not clear enough and the values of the rate constants are not known sufficiently well for different experimental conditions. The E/N dependence of the rate constants is especially poorly investigated.
We are of the opinion that our experimental results presented in the paper [2] are correct. The discrepancy between our results and model proposed by Pancheshnyi is caused by uncertainties in reaction schemes and rates.
The discrepancy between our measurements and the theoretical values of other authors is also due to the limited accuracy of the cross-sections used.
We are convinced that our formula (4) in [2] is correct and valid for the standard conditions. However, the g-factor for the N + 2 (B 2 + u ) state must be specified more precisely.
